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SUMWCIY

Thrust-stand tests were conducted at high thrust outputs to
determine the operating life of a 22-Inch-dtaueterpulse-jet engine
equipped with a neoprene-coated valve grid. The remzlts of the
endurance tests show that through the use of the neoprene-coated
grid the operating llfe of the pul.se-.jetengine, as limited by
valve deterioration,was extended to more than 164 minutes, as
compared with 30 minutes for the standard uncoated #pid. The
average Jet thrust (not deducting the momentum drag of the entering
air) developed by the engine was 855 pounds at a simulated ram
pressure of 58 inches of water and a fuel flow of 2600 pounds
per hour; no decrease in thrust was obtained during the entire
164 minutes of operation. ThiE ~et-thrust value represents a slight
reduction In performmce from the avemge 890 pounds of thrust
obtained with the standard
tions,

At the requeet of the

valve grid under similar opemation condi-

Im!RolxJcTIoN

Air Technical Service Conmand, Amy Air
Forces, and of the Bureau of Aeronautics, Navy Department, an inves-
tigation is being aonduated at the NACA Clevaland laboratory to
improve the perfornnnce and extend the operating life of the pulse-
jet engine. Ae a part of this Investigation, thrust-stand tests
were mnduoted to determine the sea-level performance of a
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22-lnoh-diameter pulse-set
40, and 59 inches of water

:.. . .

engine at stmul&ted ram pressures of O, 18,
over the enbire fuel-f1m operatlug range of

the jet engine (rderence 1).

!L!beresults of ~f erence 1 and of tests conducted at Wright
Field (reference 2) ind~~te that ~he operating life of the pulse-Jet
el@ne, as limited by valvs deter~o~tlon caused by the repeated impact
forces imposed on tho valves in cIosing during operation} Is approximate-~
30 minutes, utter which a rapid ~ductlon in engine-thrust output is
obta~ned.

Attempt9 to Increase valve life through change of valve Imterial
and thickness have been unsuccessful> Orai reports from Wright Field,
obtained subsequent to the tests repmted ~ereln Indicate, however,
that the time of sattefactory operat~on can be increased to about
1 hour by careful seluctlon, honir~, and.flnishlng of the valves.

The nthod of reducln~ valve deterlorbtion invest@atod In the
present tests consists in diulnlshj.rithe VEIVO shock forces by
cushlonl~ the valves tlhxoughuse of an o.aergy-.absorbentmterlal on
the valve seats. The qr.=lre&id DI...Jaceof a production flapper-
lTL~Veassembly was C~ted with a +Ji!.i’! @t31’ Of neoprene by means Of
a process develoFed by the 3. F. GooLrich Ccmpny of Akron, Ohio.
Thrust-stand endurance tests of th~s modified valve assembly instal.1.od
in a pulse-jet engine was conducted at high thrust outputs during “
JUIJ 1945 and the results are presented herein.

AE!ARATUSAND METHODS

The 22-inch-diameter (IMLxhnn) pulse-jet engine used In the tests
is described In references 1 and 2. The principal dimensions of tbo
engine shell and the positions of the valve-grid assembly and the venturi
are shown in figure 1. The thrust test stand and the method of simu-
lating ram pressure and other installation and instrumentation details
are essentially the same as those described in reference 1. In order to
obtain a better indication of the valve-grid operating temperatures, the
thermocouples Frevlously installed on the upstream face of the grid
(sac reference 1) were transferred to the duwnatream face. The process
used by the B. F. ~odrich Company to neoprene-coat the valve grid is
outlined as follows:

(a) The grid sections are degreased, painted with a primer,
brushed with neoprene cement, dipped in a coagulant and then in
neoprene latex, washed with water, and drained with the trailing
edge up.
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ohannele is probably to improve mlxlng between the combustion air and .
the fuel. A spurk pl~ Installed on the caubustion-ohamber shell in

- -. Jthe.position Woate@ in figurc.1 is ,ueedfor st@&, ,tbe,ex.
<

Figures 2 and 3 we photographs of I&e downstream and upstream
.“: faoes of the fla~er-valve grid assenbly and show the nj.neoentrlfugal-
.i
b spray f%el-lnJeotlon nozz3.ef3~ the three compressed+’ Jets, the fuel-

?Istributionman3fold, and the compressed-a!rlines. The mnpressed-
air jetu, which are Inoorporwted for statIc starting, were not used.,.. in the tests.:

0
The thnst platform, the support linka&s, and the bmiplate form

the sides of a pin.-$1inted parull.~lo~am. The rear support llnkages
and a thrust arm are keyed to u ccmmon ah~ to form a be~.:orank
arrangement WIth a 10:1 lever~e ratio. TIIeforces on the en@ne
are transmitted frcxntha thrust platform, through the boll orank, to
the piston of a hydrau~lc piston-cylinderassembly. Kerosene is

—
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F predloted sea-level flight thrust, pounds
. ..-. .. . . . . .~,.L.
V. free-stream f-llght%looit~ ‘oorrespondl& to the.simu@$ed ram

pressure at whloh Ffl is obklned, feet per second

RESULTS AND D186!’WSION

A summary of the data obtained during the first 43.6 minutes of
test~ng at variable openti.ng canditlons Is presented In table I. A
slmllar mnmmry of the data subsequently obtained at oonst.antoper-
ating condltlone (simulated ram preseure, 58 In. water; fuel flow,
2800 lb/hr) Is preeented In table II. The rm numbers listed In the
tables Indicate pm?lods of continuous ope=tion of the engine. Values
of both the jet thrust Fj (see equation (l)) and the corresponding
predicted sea-level flight thrust F (see equation (2)) are tioluded
In the tables.

The jet thrust and the oombustlon-alrweight flow for the con-
stant operating mnditlons (data from table 11) are plotted agalnat
total operating time in figures 2 and 3, respectively. Inspection
-~ these figures indicates that the engine apparetnly operates between .

a low-power and a hl@-p@wer level at Irregular lntemals; during
the tests this ohange in pcnnm level was acc~tiby a v rye.—.—
n==e”a—b-re–—ti~e-.~~qgqg intensity and in the ampli~ude of the .

~tiuced~vib-~-&ns..
-- .-..

The explanation for the sporadic variation In
power level Is not known. The average Jet t~ust obtained during
the constant operating condition (fig. 2) !.s855 pounds and the
average combustion-air flow (fig. 3) is 10.75 pounds per second.
Duri~ the tests of reference 1 a stnndmxl uncoated valve-grid
assembly operating at the same ram pressure and fuel-flow condlthne
developed an average Jet thrust ol?approximately 890 pounds at a
oombustlon-airflow rate of 11 pounds per seoond. This result would
Indioate a slightly adverse effect of the neoprene-coated valve-grid
assembly on the perfomanoe of the pulse-jet engine, whioh Is
attributed to the reduction in free-flow area of the grid caused
by the neoprene ooating.

The jet thrust and the combustion-air weight flow show no tend-
enoy to drop &lgs. 2 and 3) even after 163.6 minutes of ope=tlon,
indloatlng that the valve deterlomtion at this point is of insuf-
ficient nmgnitude to affect perfortmnoe. The oondltlon of the
flapper-valve grid assembly after a total operating time of
51.6 minutes and 163.6 minutes 1s shown in figures 4 and 5, respec-
tively. After 51.6 minutes of operation no deteriozatlon of the
valves was visible except for slight dlsoolorathnsj whioh ap~ntQ
were not harmful. After 163.6 minutes of operation, one valve was

.

.

~. . . . .
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completely broken off.. ... .. ..
in flexure, and-three

near the rivet holes, evidently due to fatlgne
other valv9EIysrg--b@nnlng to split and i%ay t

near the I&ailing edges. Although the &lve””asaembly tiuld posslbw
have been o~sated for additional time without appreciable loss in
perf mmnce, 163.6 minutes is taken as a c&ezwat Ive estlniateof
the life of the neoprene-coated flapper-valve grid amdbly for the
operating condition at high thrust oui?put. This value of valve life
represents an appreciable increase over the 30-minute life of a
standard unit. Ohservatlons of the temperature of tHe downstream
face (flame side) of the valve grid during the last part of the
tests indicated a ~lmum grid temperature of 280° F, which Is well
below the 3LM10F safo limit specifled for the neoprene coating.

Inspection of the grid at intervals during the course of the
tests revealed a allght”iyadhesive or tacky conilitIon of the rubber
coating, which caused the valves to stick to the grid. Although
this condit!on apparently did not affect the perfo?nmnoe of the
englno, 1t ~lght possibly have an adverse offect on stutic stsxting
of the engine. RGprosentatives of the B, F. Goodrich Company
attrihutu the tac’kycondition to the presence of excess quantities
o: the coagulant used In the coating pracess and not to the char-
acteristics of the nooprcne itself’,which tende to harden with pro-
longod f)~po~l~~ tO heat. T&ey believe that cureful washi~ of the
coating prior to the dryi~ und curing phases of the process will
gi%e the deelred results.

SWMRY OF RESULTS

The results of thrust-stand tests at high thrust outputs of a
22-inch-diameterpulse-.Jetengine equipped with a neoprene-coated
valve-grid indicate that:

1. The operatl~ life of the pulse-jet engine, as limited by
valve deterioration, was longer than 164 minutes as compared with
30 minutes for the standard valve assembly.

2, The average Jet thrust developed by the engine was 855 pounds
at simulated ram pressure of 58 Inches of water and fuel fluw of
2800 pounds per hour and did not depreciate during the 164 minutes
of operation. This value of thrust represents a 4-percent reduction
In performance from the average 890 pounds of thrust obtained with
the standard valve @id under slmlk- opemiing coUdltioUS.,

Alrcz&t lhgine Research Laboratory,
National Advisory Committee for Aeronautics,

Cleveland, Ohio, Ootober 3, 1945.
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TABLE I - SIJMNARY OF TEST DATA Al’ VARIABLE OPERATING TEST CONDITIONS

Run Tot.eloper- Simulated Fuel flowFuel-
sting time

Combustion- Combuation- Jet thrust Predicted
run pres- (lb/hr) nozzle air weight ●ir temper- (lb) sea-level

of flapper sure flow
(in. I::;::re

ature flight
va,lve at (lb/hr) (°F) tnrust
end of un

f

water)
(lBin

in. gage) (lb)

I 58.6 3400 39,960 80
58.7

842
3200 ::

668
40,320 ?7

59.0 2800
883 70’?

41 37,800
3. I 58.6

866
2400 31

700
36,360 ;: 805 646

2 59. I 3400 59 39,600 128
58.5

753
3200

579

55.5
38,880 128 858 688

2800 %
6.0

37.440 131
59.3

786
2400

627
32 36,000 133 692 533

3 38.4 3000 37 36,640 I 39
36.4

‘?28 602
2800 32,400 I 37

39.9
699

2400 x
588

30,960 138
9.0

699 488
40.8 2200 20 30, 240 I 37 55 I 440

4 37.6 3000 36,360 758
38.0

63 I
2800 :: 35,280 :: 731 607

40.0 2400 32,040 87 699 583
12.0 40.2 2200 % :31,320 86 652 538

5 58.8 3400 58 40,320 86
13.6 58.9

867 69 I
2800 51 37,800 86 847 682

6 38.8 3000 - ------ 33,840 I 35
37.8

709 589
2800 40 35,280 135

37.8
738

2400
614

31,320
16.4

136
40. I

650 540
2200 :; 30,960 136 639 528

7 17.3 19.1 2400 -. _-—-- 30,960 135 53 I 454

8 57.4 3200 —------ 39,600 794
19.9 57.6 2800

623
-- —___ 37,800 :: 843 679

9 69.0 2400 31 3C, 000 743 585
58.0 3200 51 38, 160 I H 774
59. I

608
2800 40 39,960 132 800

22.4
624

68.7 2400 31 35,640 I 33 745 589

10 38.7 2800 33,480 I 34
38.8

725 606
2400 :: 34,920 I 34

26.0
66 I 537

38.9 2200 26 30,960 I 35 640 630

II 37.6 2800 39 35,280 94 76 I
36.7

638
2400 32.040 93

27.6
723

40.3
612

2200 2=5 31,320 93 646 532

12 16.8 2400 2s 28,080 79 644
20.4

58 I
2000 21 26.640 79 668 490

30. I 20.5 1600 —- —--- 24, 120 79 363 30 I

13 18.7 2400 25 28,080 126 586 613
19.3 2000 21 27,360 126 509 440

32.7 19.8 1600 .- - -- - -- 24.120 128 429 368

14 38.6 3000 33,480 I 34 703 584
38.7 2800 ;:

36.4
34,200 135 737

37.6
616

2400 31 31,680 136 , 696 595

Is 37.5 Zmo 42 36,640 91
37. I

773 649
2800 40 34.920 764

38.2
642

37.4 2400 31 32,040 % 702 590

16 5’7.9 3200 50 39,960 85 78 I
67.2

608
2800 41 37,440 84

40.9
821

60.3
659

2400 . .—--- 36.000 83 749 589

17 3200 60 38,620
%:

136 788 610
2m60

4~.6
37.800 784

60.3
620

:! 36,640 & 694 536A

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



NACA MR NO. E5J03

TABLE II - SUMMARY OF TEST DATA AT CONSTANT

OPERATING TEST CONDITIONS

rNominal simulated ram pressure, 58 in. water; fuel flow,
~800 lb/hr; fuel-nozzle-press~e,-41 lb/sq in. gage;
combust”ion-airtemperature, 94” FJ

RunlTotal oper-
ating t-tie
of flapper
valve at
end.of run

I (rein)

w
m

20 I 51.6

21

59.1

22

23

74.1

87.0

;bmlatec
an pres.
3ure

(in.
water)

58.4

59.2

59.0

58.0
56.8
57.3

60.0
57*9
57*5
57.6
58.6
57.6
57.8
58.5
57,2
57.8
57.2
56.9
58.1
58.0

57.0
57.6
57.2
57.7
58.3
57*9
58.5

;ombustion-
3,irweight
E’low
(lb/hr)

36.720

36.720

36,360

39,960
37,800
37,440

38,520
38.,520
38,160
38,160
38,160
39,600
39,600
371080
37,800
38,160
37,440
37,800
37,440
38.520

S7,440
37,800
38,520
39,600
38,160
39,600
37.800

Jet
;hrust
(lb)

766

766

702

r
814
838

8(37
851
868
837
863
812
794
860
879
897
868
853
820
838

843
053
875
867
894
944
873

%edicted
jea-level
;light
jhrust
(lb)

605

605

540

702
651
676

696
683
703
672
696
640
621
698
716
732
706
690
657
671

682
689
708
696
728
772
708

National Advisory Committee
for Aeronautics
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TABLE II - SUMMARY OF TEST DATA AT CONSTANT

OPERATING TEST CONDITIONS - Continued

Run Total oper.
sting time
of flapper
valve at
end of run

(rein)

24

112.1

142.1

mulated
m pres-
re
in.
water)

58.2
58.1
58.4
57.4
58.4
57.2
57.3
55.3
58.0
58.0
!56.8

58.0
59.2
60.1
57.1
59.0
57.3
57.0
56.3
57.6
57.7
57.0
59.0
58.0
58.0
58.0
58.0
58.0
59.0

Oombustion-
air weight
flow
(lb/hr)

39,960
37,800
37,800
39,240
37,440
37,800
37,800
37,800
37,440
38,520
379440

39,600
39,960
39,960
39,960
39,960
39,960
38,880
30,880
39,960
38,880
38>520
37,800
39,600
37,440
39,240
39,960
37,800
39,600

Jet
thrusl
(lb)

841
872
857
910
E12c
861
840
907
845
843
865

839
851
859
914
926
788
861
788
872
890
890
862
897
839
886
865
860
900

?red.icted
3ea-level
?light
>hrust
(lb)

667
707
692
740
657
698
577
746
682
6’75
704

667
6’?5
682
741
750
615
693
622
698
721
723
696
725
676
716
691
696
727

National Advisory Committee
for Aeronautics
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Figure 2.- Varlatlon of measured jet thrust wtth flapper-valveoperating time.
Average simulated

ram pressures 58 inches of water; fuel flow, 2200 pounds per hour.
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Figure 3.- Variation of combustion-air weight flow with flappervalve operating time.
ram pressure,58 inches of water; fuel flow, 2800 pounds per hour.
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Figure 4. - Neoprene-coated flapper-valve grid
assembly after 51.6 minutes (after

run 20) operating time.
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